Massive compact systems at 0.2 < z < 0.6 are the missing link between the predominantly compact population of massive quiescent galaxies at high redshift and their analogs and relics in the local volume. The evolution in number density of these extreme objects over cosmic time is the crucial constraining factor for the models of massive galaxy assembly. We select a large sample of ∼ 200 intermediate-redshift massive compacts from the BOSS spectroscopic dataset by identifying pointlike SDSS photometric sources with spectroscopic signatures of evolved redshifted galaxies. A subset of our targets have publicly available high-resolution ground-based images that we use to augment the dynamical and stellar population properties of these systems by their structural parameters. We confirm that all BOSS compact candidates are as compact as their high-redshift massive counterparts and less than half the size of similarly massive systems at z ∼ 0. We use the completeness-corrected numbers of BOSS compacts to compute lower limits on their number densities in narrow redshift bins spanning the range of our sample. The abundance of extremely dense quiescent galaxies at 0.2 < z < 0.6 is in excellent agreement with the number densities of these systems at high redshift. Our lower limits support the models of massive galaxy assembly through a series of minor mergers over the redshift range 0 < z < 2.
INTRODUCTION
The most intriguing feature of the quiescent galaxy population at high redshift is the high fraction of massive compact galaxies that are up to ∼ 5 times smaller than similarly massive passively evolving systems in the local Universe. In recent years a large suite of studies describe the extreme sizes and other structural properties of these quiescent objects at z 1 (e.g., Daddi et al. 2005; Longhetti et al. 2007; Trujillo et al. 2007; Toft et al. 2007; Zirm et al. 2007; Cimatti et al. 2008; van Dokkum et al. 2008; Buitrago et al. 2008; Damjanov et al. 2009 Damjanov et al. , 2011 van der Wel et al. 2011; Bruce et al. 2012; Ryan et al. 2012; McLure et al. 2012; Chang et al. 2013) .
In spite of the challenges of measuring sizes and stellar masses for these distant compact galaxies (e.g., Mancini et al. 2010; Muzzin et al. 2009 ), the compactness of highredshift quiescent systems is a firmly established result (e.g., Szomoru et al. 2012; Cassata et al. 2010; van der Wel et al. 2012; Mosleh et al. 2013) . Dynamical mass measurements at high redshift (Cappellari et al. 2009; Newman et al. 2010; Toft et al. 2012; van de Sande et al. 2013; Belli et al. 2014) for the brightest and most massive quiescent systems, confirm that 50% of galaxies with M dyn > 2 × 10 10 M are at most half the size of their massive local counterparts.
The observed trend of galaxy size growth presents a challenge for models of massive galaxy evolution. In the presently favored scenario individual quiescent galaxies expand through a series of minor mergers (i.e., accre-tions of small gas-poor satellites) that build extended stellar envelopes around compact galaxy cores (e.g, Naab et al. 2009; van Dokkum et al. 2010; Oser et al. 2012) . In synergy with the continuous addition of larger newly quenched galaxies to the quiescent population (progenitor bias; e.g, van Dokkum et al. 2008; van der Wel et al. 2009; Saglia et al. 2010; López-Sanjuan et al. 2012; Carollo et al. 2013; Cassata et al. 2013) , this scenario may explain the increasing average size of quiescent galaxies with decreasing redshift.
The stochastic nature of the merging processes requires that a non-negligible number of massive quiescent systems at each redshift between z ∼ 2 and z = 0 be old and compact galaxies and that the fraction of such systems decreases with time. Based on the Millennium N −body simulation, Quilis & Trujillo (2013) show that if mass increases between 10% and 30% from z ∼ 2 to z ∼ 0, the fraction of massive galaxy relics at z ∼ 0 should be only 0.1 − 1%.
Searches for compact galaxies in the local volume yield a confusing picture. Studies based on the Sloan Digital Sky Survey (SDSS) show that the fraction of all compact systems among massive quiescent galaxies at z < 0.2 is well below the model predictions, particularly for old red sequence systems, the only possible candidates for high-redshift compact galaxy relics (Trujillo et al. 2009; Taylor et al. 2010) . The low estimates of this population dominated by an old stellar population challenges the proposed theory for massive galaxy assembly. These observations suggest that dry merging may not be the only mechanism driving galaxy size growth with redshift (e.g., Nipoti et al. 2009; Hopkins et al. 2010) .
Data from the WINGS survey of nearby clusters (Fasano et al. 2006 ) paint a different picture of compact galaxies at z ∼ 0. Their number density estimate is two orders of magnitude above the estimates based on SDSS dataset. The compact galaxy candidates in this study reside exclusively in cluster environment (Valentinuzzi et al. 2010 ). Yet another spectroscopic galaxy sample representing the general field (PM2GC survey, Calvi et al. 2011 ) contains a very high number density of compact systems, similar to their abundances at high redshift (Poggianti et al. 2013a ). These extreme number densities lie at or above the upper limits of model predictions.
The population of dense passively evolving galaxies at intermediate redshift (0.2 < z < 0.8) is a crucial link between the compact systems that dominate the massive quiescent galaxy population at high redshift and their analogs and relics in the local volume. The analysis of structural and dynamical properties of quiescent galaxies at 0.2 < z < 0.9, based predominantly on cluster data (EDisCS, White et al. 2005) , shows that progenitor bias can significantly decrease the amount of size evolution for massive ellipticals in this redshift range (Saglia et al. 2010) . A photometric study of massive quiescent galaxies within the COSMOS field shows that the number density of the most compact systems does not evolve dramatically from z ∼ 1 to z ∼ 0.2 (Carollo et al. 2013) . Although mostly focused on z 0.6, analysis of the GOODS fields gives similar results (Cassata et al. 2011 (Cassata et al. , 2013 . However, a small spectroscopic sample of massive compact systems at z ∼ 0.5 shows that only a fraction could have formed at z > 2 Hsu et al. 2014) . Clearly, larger samples of compact galaxies with known spectroscopic properties and high-quality imaging are necessary for connecting their morphology, dynamical properties, and assembly histories. A comprehensive view of the evolution in the abundance of these systems requires number densities based on spectro-photometric samples spanning the intermediate redshift range.
In Damjanov et al. (2013) we selected a large sample of ∼ 700 intermediate-redshift compact candidates from the spectro-photometric SDSS database by combining point-like morphologies with the spectroscopic signatures of redshifted passively evolving galaxies. We confirm extreme compactness for a small subset of 9 compact candidates serendipitously observed by the HST. These publicly-available datasets provide us with all the information we need to identify these very unusual, rare objects and to measure their structural, dynamical, and stellar population parameters. The heterogeneous parent sample precludes an estimate of the number density of these compact objects. However, even this small sample of intermediate redshift compact SDSS galaxies demonstrates that these systems inhabit a range of environments: out of nine targets, we found only one rich cluster member (Damjanov et al. 2013 ).
Here we describe a new sample of ∼ 200 compact galaxies drawn from the Baryon Oscillation Spectroscopic Survey (BOSS, Eisenstein et al. 2011 ) and crossmatched with publicly available high-quality CanadaFrance-Hawaii Telescope (CFHT) MegaCam imaging. We use this unique set of compact galaxy candidates to assess, for the first time, number densities of these systems in narrow redshift bins covering 3.3 Gyrs (25%) of the cosmic history between z = 0.2 and z = 0.6. In Section 2 we describe the selection process and present galaxy sample. We display structural properties for a subsample of compact candidates with available highquality imaging in Section 3. We combine these structural properties with velocity dispersions we measure from BOSS spectra and compare our targets with massive quiescent systems at z = 0 and z > 1 in Section 4. We show that this number of confirmed compact intermediate-redshift systems implies that most of our BOSS candidates are indeed compact. Thus we can use these targets to compute lower limits on compact galaxy number densities in the intermediate-redshift range and to augment the observational picture of the number density evolution of these extreme systems with cosmic time (Sections 5.1 and 5.2). We compile all of the number density estimates and compare them with models in Sections 5.3 and 5.4. We adopt a cosmological model with Ω Λ = 0.7, Ω M = 0.3, and H 0 = 70 km s −1 Mpc −1 , and quote magnitudes in the AB system throughout. Error bars correspond to 1σ errors throughout.
COMPACT GALAXY CANDIDATES IN BOSS DATASET
We use the BOSS DR10 dataset (Ahn et al. 2014) and employ the selection criteria of Damjanov et al. (2013) to select compact galaxy candidates in the redshift range 0.2 < z < 0.6. We search for stellar-like objects with spectroscopic redshifts in the redshift range of interest (22,288 sources) and exclude all spectroscopically confirmed quasars (14,108 sources) and actively starforming galaxies (by requiring the equivalent width of the [OII]λλ3726, 3729 emission line to be EW[O II] < 5Å; 7,299 sources excluded). In addition, we inspect every pre-selected spectrum to identify a 4000Å break and several absorption features including Balmer series, Ca H+K and G-band. We also apply a cut in the inferred dynamical mass at M dyn = 10 10 M to construct a sample of compact quiescent systems as massive as high-and low-redshift comparison samples (see Sections 4 and 5.3). The final list of BOSS compact galaxy candidates at redshift 0.2 < z < 0.6 contains 198 objects. BOSS initially selected 95% of our sample for spectroscopic followup as quasar (rather than galaxy) candidates.
We reanalyze spectra of our BOSS targets to measure redshift, velocity dispersion, age, and metallicity following the procedure of Damjanov et al. (2013) . The core of our fitting routine is the comparison of each galaxy spectrum with a grid of pegase.hr (Le Borgne et al. 2004 ) simple stellar population (SSP) models based on the MILES stellar library (Sánchez-Blázquez et al. 2006) using the nbursts pixel space fitting technique (Chilingarian et al. 2007b,a) . Firstly we convolve the SSP model grid covering a wide range of ages and metallicities with the instrumental response of the BOSS spectrograph. We then convolve these SSP models again with a Gaussian line-of-sight velocity distribution and multiply by a smooth low-order continuum polynomial in order to absorb flux calibration errors in both models and the data. We choose the best-fitting SSP (or a linear combination of two) by interpolating a grid in age and metallicity.
Here we present single SSP fitting of the BOSS spectra: we choose the best-fitting stellar population template from the grid of models in age-metallicity space explored during the nonlinear minimization procedure. The errors in the resulting stellar population parameters and internal kinematical properties are formal statistical errors based on the Levenberg-Marquardt least-squares algorithm. Chilingarian et al. (2008) and Chilingarian (2009) discuss the strengths of this approach in more details and Fabricant et al. (2013) demonstrate that its application to BOSS spectra produces stable stellar kinematic measurements without any significant systematic uncertainties. The errors in stellar age and metallicity do not include uncertainties introduced by our choice of stellar population models or star formation history representation. For example, high signal-to-noise spectra can be successfully fitted using a combination of several SSP templates. Alternatively, a grid of models for exponentially declining star formation histories can be used instead of SSPs. A more detailed study of stellar populations in quiescent galaxies is beyond the scope of this paper. Table 1 lists all of the spectroscopic properties for our targets. Figure 1 shows distributions of two parameters we use in our analysis, the velocity dispersion (σ) and the redshift (z). Median values of these two parameters for the BOSS sample of quiescent compact galaxy candidates are σ = 160 km s −1 and z = 0.36. Points representing our targets in the velocity dispersion -redshift parameter space (central panel of Figure 1 ) are color coded based on their dynamical mass estimated from the velocity dispersion -dynamical mass relation for a subsample of object with measured sizes (Section 4). Dynamical masses of our compact galaxy sample span a range of values: 1 × 10 10 M M dyn 3 × 10 11 M , with a median of M dyn = 4 × 10 10 M and with 22% of the sample objects having M dyn 8 × 10 10 M . The age of the best fitting SSP model is an important spectroscopic parameter for characterizing our sample. Because of the 'age-metallicity degeneracy' age is a poorly constrained fitting parameter. Thus there may be a confusion between old, metal-poor galaxies and young, metal-rich ones (Worthey 1994) . Figure 2 displays three example spectra from our dataset, along with the best-fit SSP models and their parameters. As does velocity dispersion (and subsequently dynamical mass), the ages of our compact galaxy candidates cover a wide range. Fewer than 10% of our targets have ages comparable with 'extreme post-starburst systems' described in Damjanov et al. 2013 , and almost 50% span the age range of E+A galaxies (500 Myr -2 Gyr; e.g., Poggianti et al. 1999) .
Ages of ∼ 20% of our targets place their formation redshift at z form > 2 (circles in Figure 1 ). With dynamical masses 1.2 × 10 10 M M dyn 3 × 10 11 M (i.e, in the range of the high-redshift samples we use for comparison in Sections 4 and 5.3), the subsample of old compact galaxies at 0.2 < z < 0.6 represents a set of candidates for relics of the 'red nuggets' found at z > 1.
RATIFYING THE COMPACT NATURE OF UNRESOLVED GALAXIES IN BOSS
The quality of SDSS III imaging, with a median Point Spread Function (PSF) width of 1. 43 4 , gives an upper limit of ∼ 2.3 to ∼ 4.6 kpc in the redshift range 0.2 < z < 0.6 on the effective radius of stellar-like objects spectroscopically classified as galaxies. To measure actual sizes of compact galaxy candidates in our sample we used the Astronomical Data Query Language 4 https://www.sdss3.org/dr9/imaging/other_info.php (ADQL) to search the Canadian Astronomy Data Centre (CADC) collections for higher quality images taken by the Canada-France-Hawaii Telescope (CFHT) imaging instrument MegaCam operating in the visible wavelength regime.
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Fourteen out of 198 compact candidates in our sample were previously observed using CFHT MegaCam under good seeing conditions (i.e., with Full Width at Half Maximum (FWHM) of the PSF < 0. 9). We selected only combined images with total exposure times of t exp 1800 s corresponding to 5σ point source magnitude detection limit 6 of 26.8 m lim (g ) 27.3 (5 objects), 25.9 m lim (r ) 26.2 (2 objects), 25.6 m lim (i ) 26 (9 objects), and 24.9 m lim (z ) 25.4 (2 objects). Three of our targets have CFHT MegaCam imaging in more than one filter, and we explore their color profiles in detail in Section 3.2.
3.1. Surface brightness profile modeling We employ the GALFIT software v3.0.4 (Peng et al. 2010) to fit the surface brightness profiles Σ(r) of our BOSS/CFHT targets with 2D models described by parameters of a single Sérsic (1968) profile:
where R e is the effective (or half-light) radius encompassing half of the total flux, Σ e is the surface brightness at R e , n is the Sérsic index describing the central concentration, and κ is a normalization factor depending on n.
Because the images retrieved from the CFHT database cover only a fraction (∼ 12 × 12 ) of the MegaCam field of view (∼ 1 sq. degree) and the PSF can vary substantially, we do not use the information on average PSF size from the CFHT image headers. Instead, for each of the BOSS/CFHT compact galaxy candidates we use a set of routines in the IRAF daophot package to identify and combine a number (∼ 10) of bright unsaturated point sources in the vicinity of our target. This empirical PSF is one of the GALFIT input parameters. GALFIT convolves the empirical PSF with a single Sérsic models and compares the result with the observed surface brightness profile. Using the Levenberg-Marquardt algorithm the fitting procedure then tunes the parameters of the analytic model until the minimum sum of weighted pixel-scale deviations between the galaxy image and its model is reached. Figure 3 shows the resulting best-fit models and Table 1 lists the parameters. Although CFHT MegaCam imaging is available for 14 compact galaxy candidates from BOSS, three targets are unresolved under the FWHM (PSF) 0. 8 seeing conditions. Figure 3 displays a montage of galaxy surface brightness profiles, GALFIT best-fit models, and residual maps for the 11 resolved objects. Deep high quality imaging confirms that all 14 targets are very compact, with circularized effective radii R e,c 2 kpc. 3). Circled symbols denote compact candidates formed at z form > 2. Black symbol with errorbar shows the average fractional error of the velocity dispersion measurement placed at the median velocity dispersion for our sample. Central panel displays the incompleteness of our magnitude limited sample for low-mass objects at z 0.5. Augmented by the fact that BOSS quasar selection function excludes majority of red objects (at high masses and/or high redshifts), this plot confirms that the number densities of intermediate-redshift compact galaxies we present in Section 5 are hard lower limits on the abundance of these extreme systems in this redshift range.
Three resolved galaxies have available CFHT MegaCam imaging in more than one filter. These targets, along with their best-fit models and residual maps in all available bands, are shown as false-color images in the montage. For each of these galaxies surface brightness profiles in all bands exhibit similar effective radii (Figure 3) . In Section 3.2 we discuss radial profiles of these objects. The similarity between sizes of compact BOSS galaxies measured in multiple filters is in agreement with the results of multi-band imaging of quiescent compact galaxies at 0.5 < z < 2.5 (Cassata et al. 2010; Szomoru et al. 2013) .
GALFIT reports the uncertainties that correspond to random errors only. To estimate the errors empirically, we construct a grid of GALFIT input files that include: a range of initial parameters for the fitting Sérsic profile, a range of sizes for the fitting region, neighboring objects that are either masked or fitted simultaneously, sky properties either determined from aperture photometry or set as input parameters for the fitting routine.
As the authors of GALFIT note 7 , distributions of resulting best-fit parameters give more realistic error estimates than the ones provided by the fitting routine itself. If the intrinsic half-light radius (along major axis, R e ) of our target is smaller than the corresponding PSF, we assign the difference between the Half Width at Half Maximum (HWHM) of the PSF and the best-fit R e as the measurement error. We note that this conservative approach produces amplified errors, because the simulations show that the sizes of objects smaller than the image PSF tend to be overestimated (e.g., Carollo et al. 2013) . For three unresolved compact galaxies, Table 2 lists the HWHM (PSF), in physical units at the redshift of each unresolved target, as upper limits on their sizes.
In summary, we combed through the CFHT MegaCam database and found high quality images for ∼ 7% of the compact galaxy candidates selected from BOSS. We use GALFIT to obtain structural properties for these 14 objects and to confirm that they are all in- compact intermediate-redshift galaxies we select from the parent sample of BOSS quasar targets. Each panel show the BOSS spectrum (black), the best-fit SSP spectrum (red), and regions excluded form the fit (blue). Labels display redshift, velocity dispersion, age, and metallicity for each galaxy example. The bottom horizontal axis displays observed wavelength range we use for the SSP fitting, and the upper horizontal axis shows wavelength in the galaxy rest-frame.
deed very compact (with median circularized half-light radiusR e,c ∼ 0.8 kpc), with Sérsic indices typical for bulge-dominated systems (n > 2). Intermediate redshift compact galaxies, selected in the same manner from the SDSS photo-spectroscopic database and with available high-resolution HST images, exhibit very similar structural properties (see Table 2 of Damjanov et al. 2013) . In Section 4 we compare structural and dynamical properties of these compact BOSS galaxies at intermediate redshift with similarly massive quiescent systems at z ∼ 0 and z > 1.
3.2. Color profiles of compact galaxies at z ∼ 0.4 Three compact BOSS galaxies have multi-band images available in the CFHT MegaCam database. These targets lie at z ≈ 0.4, have similar velocity dispersions of 100 < σ < 140 km s −1 , and straddle the age range between 1 and 2 Gyr. Two systems -SDSSJ1222+1055 and SDSSJ1234+0818 -exhibit spectra typical for passively evolving galaxies with a more prominent 4000Å break and weaker Balmer lines (similar to the example spectrum in panel 2 of Figure 2 ). Our third target with a radial color profile -SDSSJ0207-0618 -shows a spectrum dominated by very strong Balmer lines (similar to the example spectrum in panel 1 of Figure 2 ). Figure 4 shows multi-band radial profiles and related color profiles for three BOSS-CFHT targets. Each lefthand side panel contains the observed surface brightness profiles, best-fit models (convolved with matching PSFs) and the PSF profiles in all available filters. In addition, we use de-convolved best-fit models in different bands to construct observed-frame color profiles (right-hand side Table 1 , presenting the spectroscopic properties of objects presented also in Table 2 , is shown here for guidance regarding its form and content. The table is published in its entirety in the electronic edition of The Astrophysical Journal. Note. panels). The small number of objects in this subsample does not allow us to search for correlations among color gradients and other galaxy properties including stellar age, metallicity, or extinction. However, color profiles based on the best-fit models display changes in color with respect to the average global value within 5 effective radii (dashed lines in color profile panels of Figure 4) for a large range of galactocentric distances (0.5 R e r 10 R e ). Within one half-light radius there are three different profiles: SDSSJ0207-0618 exhibits a negative i − z color gradient in its central region, SDSSJ1222+1050 has positive color gradients in both g − i and i − z, and the g − i profile of SDSSJ1234+0819 is flat within 1 R e .
In comparison, using HST imaging, Gargiulo et al. (2012) find a negative central F850LP-F160W color gradient in 70% of their 1 < z < 2 targets and flat central F850LP-F160W color profiles in the rest of the sample. The dynamical masses of our three targets lie at the lower mass limit of this high redshift sample. Their ages overlap with the ages of 6/11 high-z targets.
Global color profiles of the three BOSS galaxies follow the trends observed in their central regions. SDSSJ0207-0618 has inner region (within r ∼ 1 − 2 R e ) that is redder than its outskirts (r > 2 R e ). This result agrees with previously reported color profiles of passively evolving galaxies with stellar masses M * > 10 10 M at z > 1 1"=5.5 kpc SDSSJ020753.78-061827.2 1"=5.1 kpc SDSSJ122212.26+105013.3
1"=5.1 kpc SDSSJ123423.55+081933.2 Figure 3 . Montage of the CFTH MegaCam images (left), best-fit GALFIT models (center), and residual maps (right) for 11 BOSS intermediate-redshift compacts that could be resolved with the FWHM(PSF)∼ 0. 5 − 0. 85. Three galaxies with available multi-band images are presented with false color: SDSSJ0207-0618 (red -z filter; blue -i filter), SDSSJ1222+1050, and SDSSJ1234+0819 (red -z filter; green -i filter; blue -g filter).
(An extended version of this figure is available in the online journal.) (Szomoru et al. 2011; Guo et al. 2011; Gargiulo et al. 2012) . SDSSJ1234+0819 shows an essentially flat profile at all radial scales. In contrast, the most extended and most massive system with the oldest stellar population in our multi-band sample, SDSSJ1222+1050 displays a blue core and red outer regions in g − i color. Although there are only three compact BOSS systems with available CFHT MegaCam imaging in multiple visible bands, each one shows a different radial dependence in observed colors. Such a small sample of galaxies with similar ages (1-2 Gyr) and gravitational potentials (σ ∼ 120km s −1 ) is not sufficient to constrain the formation and/or evolution of compact galaxies. However, the diversity of observed profiles suggests that these compact systems may form under a wide range of conditions, echoing the conclusions from e.g. Gargiulo et al. (2012) .
THE RELATIONS BETWEEN STRUCTURAL AND DYNAMICAL PROPERTIES OF COMPACT GALAXIES
AT Z ∼ 0.4
To compare measured sizes, Sérsic indices, and velocity dispersions of the compact BOSS-CFHT galaxies with the structural and dynamical properties of quiescent systems at high redshift and in the nearby Universe, we place the three galaxy samples in the size-velocity dispersion-dynamical mass parameter space ( Figure 5 ). The z > 1 sample is a spectro-photometric compilation described in van de Sande et al. (2013) . The 0 < z < 0.2 galaxies are selected from the Simard et al. (2011) morphological galaxy catalog based on the SDSS DR7. We use spectra of these z ∼ 0 SDSS galaxies to single out quiescent systems with EW[O II] < 5Å and we re-fit their spectra to obtain the same properties as for the compact BOSS sample at 0.2 < z < 0.6 (velocity dispersion, SSP age, and metallicity). In addition, we assemble a set of the most compact systems found among SDSS galaxies (Trujillo et al. 2009; Taylor et al. 2010) . Figure 5 shows the position of each galaxy sample in the parameter space defined by their structural and dynamical properties (a variation of the dynamical Fundamental Plane, Onorbe et al. 2006 ). We present: (1) the circularized half-light radius R e,c , (2) the stellar velocity dispersion σ within a circularized aperture of radius R e,c , Table 2 ) are presented with dotted lines and arrows. Right-hand side panels show radial profiles of galaxy colors constructed from the de-convolved best-fit GALFIT models. The global color value (obtained from total magnitudes provided by GALFIT) is represented with a colored dashed line in each of these three panels. Error bars represent the difference between the observed isophotal surface brightness and the isophotal surface brightness of the model (convolved with PSF). Note that for SDSSJ1234+0819 we show radial profiles in three CFHT MegaCam filtersg, i, and z -and only one color profile -g − i. The object is only marginally resolved in z-band image, and the other two broad-band filter images have much better (and comparable) image quality.
and (3) the dynamical mass M dyn defined as
where β = 5.0 ± 0.1 is a constant scaling factor derived from a comparison between the dynamical mass-to-light ratio (M/L) based on the velocity dispersion within one half-radius and M/L from spatially resolved stellar kinematics for a sample of nearby early-type galaxies (Cappellari et al. 2006) . In all three panels of Figure 5 , compact BOSS galaxies at 0.2 < z < 0.6 (stars) overlap with the most compact objects in the high-z sample (triangles). They also overlap with extreme systems at z ∼ 0 (black circles). However, the most compact objects in our z ∼ 0.4 sample (with R e < 0.9 kpc [log(R e /kpc) < −0.05]) are up to an order of magnitude smaller than the typical quiescent galaxies at z ∼ 0 at similar velocity dispersions (lower left panel, Figure 5 ). We note that a very small fraction (0.4%) of local quiescent systems from the Simard et al. Redshift Figure 5 . Three relations between dynamical and structural properties of BOSS compact galaxies observed with CFHT MegaCam (stars; Table 2 ), compared with the properties of massive ellipticals at z ∼ 0 (gray histogram and gray points; Simard et al. 2011) , quiescent galaxies at z > 1 (triangles; van de Sande et al. 2013) , and the most compact galaxies found in SDSS at z < 0.2 (black circles; Trujillo et al. 2009; Taylor et al. 2010 ). The three relations are: circularized half-light radius vs. velocity dispersion (bottom left; circularized half-light radius vs. dynamical mass (bottom right); velocity dispersion vs. dynamical mass (top right). Our BOSS targets at 0.2 < z < 0.6 and the high-z comparison sample are color-coded by redshift. Red bars represent average errors for the high-redshift sample. Different lines represent the the best-fit relations: (1) for all massive quiescent systems at z ∼ 0 and at high z (black and red lines, respectively) and (2) for compact quiescent systems at z ∼ 0 and at z ∼ 0.4 (gray and blue lines, respectively) in the size -dynamical mass and velocity dispersion -dynamical mass parameter space. We use the size -mass relation to quantify the difference between BOSS compact galaxy sizes and the sizes of z ∼ 0 SDSS passively evolving galaxies at equivalent dynamical masses. We use the velocity dispersion -dynamical mass relation to infer dynamical masses of BOSS compact targets without available high-resolution images (Section 2).
SDSS images available for these outliers shows a range of examples: objects near bright stars, clustered systems, objects containing multiple bright clumps, edge-on disks, but also isolated bulge-like systems. Although some of these galaxies may be genuinely dense, their compactness needs to be confirmed through a careful 2D fitting of their surface brightness profiles from better-quality imaging. Compact systems at all redshifts lie away from the locus of typical massive quiescent galaxies in the nearby Universe (grayscale map).
In the size-dynamical mass parameter space (lower right panel, Figure 5 ), the best-fit relations for quiescent galaxies at z ∼ 0 and at z > 1 have similar slopes: log(R e,c [kpc](z = 0)) ∝ 0.63 × log(M dyn [M ]) (black dashed line) and log(R e,c [kpc](z > 1)) ∝ 0.5 × log(M dyn [M )]) (red line). For the compact BOSS galaxies with measured half-light radii the sizedynamical mass relation has a somewhat shallower slope, log(R e,c [kpc])(z ∼ 0.4) ∝ 0.34 × log(M dyn [M ]) (blue line), closely resembling the trend that the most compact z ∼ 0 systems follow in size -dynamical mass parameter space (black solid line). However, for all dynamical masses 3 × 10 10 M [log(M dyn /M ) 10.5] relations for both BOSS compacts at 0.2 < z < 0.6 and high-z objects give galaxy sizes that are 2 times smaller than the typical size of a z ∼ 0 galaxy at the same dynamical mass. Furthermore, assuming that all of the BOSS compact galaxies follow the same size-dynamical mass relation, their predicted sizes for galaxy masses > 2 × 10 10 M [log(M dyn /M ) > 10.3] are less than half the size of an equally massive ellipticals used as a reference at z ∼ 0 (Shen et al. 2003) .
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Because of their extreme sizes, M dyn > 3 × 10 10 M compact systems at all redshifts have lower dynamical masses than typical quiescent galaxies at z ∼ 0 with the same velocity dispersion (upper panel, Figure 5 ). Local and high-z velocity dispersions of quiescent massive galaxies are related to dynamical mass with similar slopes: log σ[km s
). The subsample of compact BOSS galaxies follows the relation:
The slope in Eq. 3 is steeper than the trend defined by typical massive systems at z ∼ 0. Conversely, velocity dispersions of compact galaxies at 0.2 < z < 0.6 and at z ∼ 0 follow the same trend with dynamical mass. Although the slope of the intermediate-redshift velocity dispersion -dynamical mass relation for compact systems is somewhat steeper than the one for all quiescent galaxies at high-z, the two d(log σ)/d(log M dyn ) values are consistent within the fitting errors. We use Eq. 3 to infer dynamical masses for the rest of the compact intermediate-redshift galaxies with velocity dispersions measured from their BOSS spectra, but without available high-quality imaging (Section 2). Structural properties of a subset of BOSS compact systems combined with measured stellar kinematics confirm that in the size -velocity dispersion -dynamical mass parameter space they occupy the region populated by the densest galaxies at z ∼ 0 and z > 1. In contrast, at z ∼ 0 typical quiescent galaxies with similar velocity dispersions have sizes and dynamical masses several times larger.
Another argument that the BOSS sample must be compact is a statistical one. We draw 14 compact objects from our sample of ∼ 200 candidates. If we assume that these objects are a random subsample, a simple resampling exercise shows that in order to draw a subsample of 14 compact galaxies from a parent sample of 200 objects at the 90% confidence level, at least 82% of the parent sample must be compact. Thus we conclude that, by selecting BOSS point sources with the spectra of redshifted galaxies, we construct a sample of compact galaxies that can be further used to estimate the number density of these systems in the redshift range 0.2 < z < 0.6.
NUMBER DENSITY OF INTERMEDIATE REDSHIFT COMPACT GALAXIES
8 Here and in Sections 5.3 and 5.4 we assume that the dynamical and stellar masses of compact galaxies are identical because these systems are dominated by stars, as demonstrated by Conroy et al. (2013) .
The large sample of uniformly selected compact system candidates allows us to trace their number density in narrow bins within the redshift range covered by the sample. Here we describe a procedure that we use to compute number densities of intermediate-redshift BOSS compact galaxies. We compare these lower limits to the reported abundances of similarly compact massive passively evolving galaxies at lower and higher redshift. Finally, we place the number density of intermediate-redshift compacts in the context of the semi-analytic models of massive galaxy evolution.
The Method
To calculate the number density of BOSS compact galaxy candidates we begin with the assumption that these intermediate-redshift compact galaxies are a random subsample of the whole population that BOSS could survey. Thus we correct only for spectroscopic (in)completeness of the BOSS survey within the magnitude and color range where our targets are found.
We use the distribution of compact system candidates from our sample in a three-dimensional parameter space: r magnitude, r − i color, and i − z color. We use the observed sample to define a range of values for each parameter: (1) 19 < r < 21.8, (2) 0.05 < r − i < 1.15, and (3) 0 < i − z < 1.4.
From the SDSS photometric database we then select all point sources in two representative 50 sq. degrees fields at Galactic latitudes b ∼ 65
• and b ∼ −45
• that fall within these photometric boundaries. These fields lie at the median northern and southern Galactic latitudes of the BOSS coverage. We use the same fields to select all spectroscopic targets within the same color and color-magnitude ranges. In this parameter space we then define a grid of cells with size ∼ 4 times larger than the absolute average error in the corresponding colors and magnitude of the compact galaxy sample. The spectroscopic completeness factor for each compact target is then a ratio between the number of BOSS spectroscopic targets and the number of SDSS point sources in a cell centered at the position of that target in this three-dimensional grid. Figure 6 illustrates this concept. Each panel is one projection of the parameter space used for estimating the spectroscopic completeness. The size of each cell -∆(r) ∼ 0.2 mag, ∆(r − i) ∼ 0.4 mag, ∆(i − z) ∼ 0.5 mag -is related to the average photometric error for the intermediate-redshift compact BOSS systems. Gray circles display the positions of our targets in colormagnitude and color-color diagrams. The only difference between the representation in Figure 6 and our calculations is that in practice each compact galaxy has a unique three-dimensional cell centered at the colors and r magnitude of that galaxy. This approach allows us to estimate the spectroscopic completeness for all but 2 objects in our sample of ∼ 200 galaxies. These two galaxies have much redder i − z color than the typical SDSS photometric point sources of the same r magnitude.
By selecting our compact candidates from SDSS/BOSS, the largest photo-spectroscopic extragalactic survey to date, we minimize a major limitation of galaxy number density estimates: cosmic variance. Another limiting factor in measurements based on a single survey with multi-layered selection algorithm, Spectroscopic completeness Figure 6 . Three-dimensional fractional spectroscopic completeness of the BOSS survey in the r − i color, i − z color, and r magnitude range of the identified intermediate-redshift BOSS compact galaxies. The panels show three projections of the parameter space we use to calculate this fractional spectroscopic completeness. The cell size in each panel is four times larger than the average photometric error for BOSS compact galaxies in the corresponding color or magnitude. Cells are color-coded by the fractional spectroscopic completeness, i.e. by the ratio between the number of SDSS photometric point sources and the number of BOSS spectra in the r − i color , i − z color, and r magnitude range defined by that cell. Gray circles show the positions of BOSS compact galaxies in all three projections of the color-color-magnitude parameter space. In practice, we use a cell centered on the position of an individual BOSS target in this parameter space to estimate corresponding spectroscopic completeness factor for each compact galaxy in our sample.
such as BOSS quasar survey (Ross et al. 2012) , are systematic uncertainties. Comparison with other independent surveys with well-understood selection criteria is the only approach that can provide calibration for this type of errors. We plan to address this important question in our future investigations (Damjanov et al. 2014, in prep) . Cells in Figure 6 are color-coded by the spectroscopic completeness; very low fractions shown as color bar labels demonstrate two important properties of the BOSS quasar survey: (1) the survey is sparse (e.g., Eisenstein et al. 2011) , and (2) by searching for 2.2 < z < 3.5 quasars preferentially in the 0 < g − r < 0.5 color range (e.g., Ross et al. 2012) , the survey selects against red compact galaxies at 0.2 < z < 0.6. Thus the BOSS quasar survey is not optimized for recovering a representative sample of intermediate-redshift compact quiescent systems. However, this survey provides a hard lower limit on the number density of these extreme systems, as we describe below.
The Number Density Estimates
After applying the correction for BOSS spectroscopic completeness, we calculate the number densities of compact galaxies in ∆(z) = 0.1 redshift bins within the 0.2 < z < 0.6 range by dividing the corrected numbers of compact galaxy sources by the volumes spanned by the 6373.2 sq. degree BOSS survey (Ahn et al. 2014) in each redshift bin. Because 82% of all galaxies in our sample have to be compact to provide a subsample of 14 compact objects with measured structural properties (Section 4), we draw 1000 unique subsamples of the 162 compact BOSS galaxies (representing 82% of the total number of compacts in our sample) and derive a galaxy number density corrected for spectroscopic completeness for each of them. The final number density of compact galaxies in each redshift bin is the mean value of these 1000 number densities weighted by the Poisson errors associated with each subsample. We repeat the analysis for different lower limits in dynamical mass (obtained from the measured velocity dispersions; Eq. 3) and in galaxy age (i.e. the age of the best-fit SSP model from Table 1 transformed into the formation redshift).
During this procedure we propagate the errors in the parameters of the best-fitting velocity dispersion -dynamical mass relation (Section 4) by selecting a range of velocity dispersion thresholds for each lower limit in dynamical mass. Our simulations also include a range of color and magnitude bin sizes and two different sets of colors -(g − r, r − i) and (r − i,i − z) -that we use to estimate the spectroscopic completeness of BOSS (Section 5.1). These variations in the combination of colors and bin sizes produce additional scatter in the resulting galaxy number densities. We add this uncertainty to the total error budget and compare our results with number densities of compact systems reported at z ∼ 0 and high redshift (Section 5.3).
Our estimates of number densities are lower limits on the abundance of compact systems in the redshift range 0.2 < z < 0.6 because the photometric selection algorithm of the BOSS quasar survey (Ross et al. 2012) was not designed for tracing massive galaxies across intermediate redshift range. Low spectroscopic completeness of BOSS within color and magnitude ranges where our candidates are found, shown in Figure 6 , confirms that these systems represent tails of the distribution of BOSS spectroscopic targets. These selection effects force the exclusion of a large fraction of the redder, and thus more massive and/or more distant, compact candidates from our sample (Damjanov et al. 2014, in prep) . Table 3 shows the resulting number densities for different combinations of galaxy redshift, dynamical mass, and age cuts.
5.3.
Comparison with number densities of compact quiescent galaxies in the nearby and distant Universe Evolution of the number density of compact massive passively evolving galaxies over the redshift range 0 < z < 3 is a crucially important constraint on the mod- 2 ) × 10 −6 0.5 < z < 0.6 > 1 Any (5.1
+2.4 −2.6 ) × 10 −6 0.4 < z < 0.5 > 5 Any (4.6
+2.8 −2.1 ) × 10 −6 0.5 < z < 0.6 > 8 Any (4.8
> 10 Any (1.7
+3.4 −1.7 ) × 10 −6 0.5 < z < 0.6 > 10 Any (4.1
Note. -Number densities above the double horizontal line are presented in the left panel of Figure 7 and can be compared to number densities at lower and higher redshifts (Section 5.3). Number densities below double horizontal line are compared to the predictions of semi-analytic models in Section 5.4 and in the right panel of Figure 7 . a Lower limit on number density of compact massive galaxies in these intermediate-redshift bins. b To be compared to the expected number densities of massive galaxy relics based on semi-analytical models under the assumption that the fractional mass growth of these system over the redshift range 0 < z < 2 is & Trujillo 2013) . c To be compared to the expected number densities of massive galaxy relics based on semi-analytical models under the assumption that the fractional mass growth of these system over the redshift range 0 < z < 2 is
els of massive galaxy assembly (e.g., Hopkins et al. 2009; Shankar et al. 2012) . In recent years several groups have worked to constrain this important quantity at z ∼ 0 (e.g., Trujillo et al. 2009; Taylor et al. 2010; Valentinuzzi et al. 2010; Poggianti et al. 2013b ) and z 1 (e.g., Bezanson et al. 2009; Saracco et al. 2010; Cassata et al. 2011 Cassata et al. , 2013 Barro et al. 2013; Stefanon et al. 2013) . However, the range between z ∼ 0.2 and z ∼ 0.6 has not been extensively explored (Cassata et al. 2013) . Thus the number densities of compact BOSS galaxies at intermediate redshift that we report here are a valuable link between these extreme systems in two vastly different redshift regimes.
In Figure 7 we trace the abundance of compact massive galaxies over ∼ 11 Gyr of cosmic time (left panel) and compare the number densities of massive old systems among our BOSS targets with the predictions of several semi-analytic models (right panel). Left-hand side panel shows different symbols, corresponding to different studies in this redshift range, that are color-coded by the lower mass limit of each sample. We show results in four redshift bins spanning the redshift range 0.2 < z < 0.6 (stars). We highlight different mass cuts in order to compare abundances of the compact BOSS systems with the low-and high-redshift values taken from the literature. Comparison between our results and previously reported number densities at 0 < z < 2.7 are not straightforward because each study represented in Figure 7 uses (a) differ- Figure 7 . The number density of compact quiescent galaxies as a function of redshift. Left panel: Comparison with measured abundance of compact massive quiescent galaxies at high and low redshift. The number densities we derive for the redshift range 0.2 < z < 0.6 (stars and filled regions denoting ±1σ ranges) are the lower limits on the abundance of massive compact systems in this redshift range. Different symbols correspond to different studies that we compare with our results based on the BOSS compact galaxy sample. All points are color-coded according to the minimum galaxy mass of the sample used to calculate galaxy number density. Although comparison with the results from literature is not straightforward, the BOSS sample of compact quiescent galaxies at 0.2 < z < 0.6 provides intermediateredshift galaxy number densities that are consistent with majority of values reported at other redshifts. Right panel: comparison with semi-analytic model estimates. The filled regions represent the predictions of the semi-analytic models for two trends of growth for massive quiescent galaxies formed at z > 2 (Quilis & Trujillo 2013): (1) galaxies can acquire up to 10% of their mass from z = 2 to z = 0 (orange band) or (2) galaxies can gain up to 30% of their mass in this redshift range (blue band). The number densities of the most massive systems in our 0.2 < z < 0.6 BOSS sample that were formed at redshift z > 2 are shown as stars and filled ±1σ regions. The points are color-coded according to the lower galaxy mass threshold. The abundances of the oldest and most massive BOSS quiescent compacts follow the predictions of semi-analytic models. See text for details.
ent definitions for galaxy compactness and (b) different cuts in galaxy mass and/or age to select a representative sample.
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At z < 0.2 it is not clear how rare compact massive systems really are. Different studies reach different conclusions. Trujillo et al. (2009) search for massive (M * > 8 × 10 10 M ) galaxies in SDSS DR6 with R e < 1.5 kpc and find a very small fraction, 0.03%, that translates into a number density of massive compact galaxies at ∼ 0.15 of n = 1.3 × 10 −7 Mpc −3 (orange diamond). Galaxies in this sample are predominantly young quiescent systems that could not have formed at very high redshift. The lower limit on the number density of similarly massive compact BOSS systems at z ∼ 0.25 is ∼ 30 times higher (Table 3 , orange stars connected by solid line in the left panel of Figure 7 ). If we select only massive BOSS targets with sizes < 1.5 kpc (based on Eq. 3 and measured velocity dispersion), the number density in our lowest redshift bin (z ∼ 0.25) becomes to n = (1.7±0.5)×10
−6 Mpc −3 , still an order of magnitude above the Trujillo et al. (2009) 
In the left panel of Figure 7 we also show the number density of red massive (M * > 8 × 10 10 M ) compact SDSS DR7 galaxies at z ∼ 0 from Taylor et al. (2010, orange square) . All systems in this sample are more than two times smaller than normal massive galaxies (Shen et al. 2003) . This definition of compactness 9 Number densities for all comparison samples are computed using the same (standard) cosmological model parameters that we use in this analysis and list in Section 1.
holds for 90% of our sample. In addition (and unlike Trujillo et al. 2009 ), Taylor et al. (2010) use a color cut to select only red (old) objects with k-corrected colors 0.1 (u−r) > 2.5. Thus a significant fraction of this sample formed at z 2. We apply the same selection criterion to select red objects among our targets and obtain a number density at z ∼ 0.25 of n = (1.6±0.9)×10 −6 Mpc −3 , again 20−80 times higher than the abundance of red compacts at z ∼ 0.1. The number densities of intermediate-redshift compacts in BOSS selected using either criteria from Trujillo et al. (2009) or from Taylor et al. (2010) fall close to our values for the highest mass threshold in the left panel of Figure 7 (red line connecting red stars).
On the other end of the spectrum of reported number densities for local compacts are the results of the WINGS (Valentinuzzi et al. 2010 ) and the PM2GC (Poggianti et al. 2013b) surveys. Compact galaxies in the WINGS cluster survey have masses M * > 3 × 10 10 M and surface mass densities within the half-radius Σ 50 = 0.5M * R 2 e π 3 × 10 9 M kpc −2 . All BOSS compact targets with M dyn > 3 × 10 10 M have mass surface densities above this threshold. Thus in the left panel of Figure 7 we can directly compare our intermediate-redshift number densities (green/orange line connecting green/orange stars) to the corresponding values at z ∼ 0 from Valentinuzzi et al. (2010, green/orange circles) . We find excellent agreement.
The only caveat in our comparison with Valentinuzzi et al. (2010) is that they assume that compact galaxies do not reside outside of clusters (i.e., they use the to-tal comoving volume up to the redshifts of their clusters, instead of the fraction covered by the survey, to calculate compact galaxy number density). Based on visual inspection of the SDSS and CFHT MegaCam images, our BOSS compacts are both in groups/clusters and in isolation. Poggianti et al. (2013b) report an abundance of local compact systems for the general field (green and orange pentagons). The compactness of these objects is defined by the same threshold as in Valentinuzzi et al. (2010) . This number density for galaxy masses M * > 3×10 10 M is ∼ 40 times larger than the number density of similarly massive BOSS compacts in our lowest redshift bin at z ∼ 0.25. When the selection criteria from Trujillo et al. (2009) are applied, the number density of M * > 8 × 10 10 M , R e < 1.5 kpc systems in the PM2GC becomes an order of magnitude lower. However, it is still ∼ 10 times higher than the number density of BOSS compacts at z ∼ 0.25 selected in the same fashion. Although the selection effect discussed in Section 5.2 define the number densities we present here as lower limits, it is unlikely that the total exceeds our estimate by a very large factor.
In the redshift range of our analysis, Cassata et al. (2013) report on the number density of compact and ultra-compact massive quiescent galaxies based on the spectro-photometric data of the GOODS survey (right pointing triangles). In this analysis ultra-compact systems are defined to be more than 2.5 times smaller than the passively evolving SDSS galaxies of the same stellar mass. If we compare the dynamical mass -size relation for BOSS compact galaxies with the upper limit on the size of ultra-compact galaxies as a function of size from Cassata et al. (2013) , the ∆ log(R e ) < −0.4 dex requirement is fulfilled by our targets at dynamical mass of M dyn 7 × 10 10 M . The lower limit on the number density of these massive BOSS compacts in the redshift range 0.2 < z < 0.4 is n = (5 ± 0.9) × 10 −6 Mpc −3 , ∼ 0.2 dex below the ±1σ range reported in Cassata et al. (2013) . Formally, these two results agree.
Very recent results of the CANDELS and the 3D-HST surveys (van der Wel et al. 2014) show strong evolution in number density of the most compact early-type systems (i.e., quiescent based on the rest-frame U V J color selection). In this study half-light radii are not circularized and the compactness criterium (for systems with stellar masses M * > 5 × 10 10 M ) takes into account the slope of observed size -mass relation: R e /(M * /10 11 M ) 0.75 < 2.5 kpc. Sizes of all BOSS compact targets with dynamical masses above the CANDELS+3D-HST sample threshold (yellow stars in the left panel of Figure 7 ), corrected to correspond to the radii along major galaxy axes, pass this compactness test. Thus the left panel of Figure 7 displays that the only compact galaxy number density at z < 1 for the CANDELS+3D-HST sample (yellow hexagon at z = 0.4) lends support to the abundances of BOSS compacts we find in the redshift range 0.2 < z < 0.6.
Massive compact galaxies constitute a significant fraction of massive passively evolving systems at high redshift (e.g, Cassata et al. 2011 Cassata et al. , 2013 . The left-hand side of Figure 7 shows that number densities of M dyn > 3 × 10 10 M (green star) and M dyn > 8 × 10 10 M (orange star) in the highest redshift bin of our range (0.5 < z < 0.6) agree with the estimates for similarly massive and compact systems at z ∼ 1.5 (Saracco et al. 2010, inverted triangles) . We compute the largest correction factor for our sample, its spectroscopic completeness ( Figure 6 ). The complexity of the selection criteria of the parent BOSS sample of quasar candidates prevents us from including other, lower-order effects. However, any of these corrections would only increase the number densities that we provide here, thus increasing the level of agreement with high-z points.
Only a fraction of these intermediate massive compacts are old enough to be relics of dense high-z systems (Section 2). Number densities of 0.6 < z < 2.5 ultra-compact systems from Cassata et al. (2013, right pointing triangles), of 1 < z < 2.5 compact galaxies from Barro et al. (2013) with M * R 1.5 e > 10.3 M kpc −1.5 (triangles), of z ∼ 2.5 quiescent systems with stellar mass densities ρ 50 > 10 9 M kpc −3 from Bezanson et al. (2009, left pointing triangle) , and of z > 1 compact early-types from van der Wel et al. (2014, hexagons) are consistent with our lower limits, even though these high-z values are up to two orders of magnitude higher than the lower limit abundances at z ∼ 0.55.
Comparison with models
Finally, we compare number densities of the BOSS intermediate-redshift compacts formed at z 2 with the predictions of three semi-analytical models based on the Millennium simulation (Quilis & Trujillo 2013) . Orange and blue tracks in the right panel of Figure 7 show the evolution in number density of massive galaxies that form at z 2, gain less than 10% or 30% in stellar mass from z = 2 and z = 0 through minor mergers, and end up as M * > 8 × 10 10 M quiescent systems at z = 0. Abundances of equally old compact BOSS galaxies at 0.2 < z < 0.6 with dynamical masses that are 70% and 100% of the threshold model mass at z = 0 are given in the last rows of Table 3 . The right-hand panel of Figure 7 shows these number densities as stars, color-coded according to the lower galaxy mass threshold, encompassed by ±1σ error regions (shaded areas). The lower mass limit (that translates into M dyn > 6 × 10 10 M ) imposes an extreme requirement that all of the ∆M M 0.3 mass growth happens at 0 < z < 0.6. The upper mass limit of M dyn > 8×10 10 M allows minimum mass growth in this redshift range. Interestingly, our lower limits on number densities are consistent with the predicted evolutionary track for massive systems that acquire less than 10% of their mass since z ∼ 2.
SUMMARY
Large spectro-photometric databases such as SDSS/BOSS are an ideal starting point for tracing galaxies that are common in distant Universe (z 1) but become rare with decreasing redshift. We use BOSS spectroscopic data on point-like photometric sources in SDSS to construct a sample of ∼ 200 compact galaxy candidates at 0.2 < z < 0.6 with spectral features typical for quiescent systems. Taking advantage of publicly available CFHT MegaCam broad-band images in the visible wavelength regime, we measure sizes and other structural properties for a subset of 14 compact candidates from BOSS.
All of BOSS-CFHT targets are indeed compact and a simple statistical argument implies that at least 82% of the parent BOSS sample (or ∼ 160 galaxies) have to be compact too. We compare our intermediate redshift sample with spectro-photometric datasets of massive quiescent galaxies populating other redshift regimes. We conclude:
• Based on their spectra, BOSS compact galaxy candidates span a range in velocity dispersion between 100 km s −1 and 320 km s −1 . Fewer than 10% of the sample are extremely young quiescent systems in a post-starburst phase (t age 500 Myr), 50% of the sample are E+A galaxies (500 Myr< t age < 2 Gyr), and 20% of the targets are dominated by very old stellar population placing their formation redshift at z f orm > 2 (Figure 1 ).
• 2D fitting of the light profiles for a subset of 14 of BOSS candidates reveals that all are extreme objects with small sizes, very similar to (or smaller than) the high-redshift compact systems and the most compact systems found at z ∼ 0. Our targets show a large offset from the locus of typical massive z ∼ 0 galaxies in the size -velocity dispersion parameter space ( Figure 5 ).
• We convert measured structural and dynamical parameters for the BOSS-CFHT subsample into dynamical masses. The size -dynamical mass relation for intermediate-redshift compact galaxies lies below the z ∼ 0 relation for typical massive galaxies with dynamical masses M dyn > 10 10 M . Furthermore, all M dyn > 3×10 10 M systems following our size -dynamical mass relation are less than half the size of equally massive systems following the z ∼ 0 relation. In the velocity dispersion -dynamical mass parameter space our targets occupy the region of higher velocity dispersions than their massive local counterparts for all masses above 3 × 10 10 M .
Completeness-corrected numbers of BOSS compacts in redshift bins of ∆z = 0.1 provide robust lower limits on the number densities of the most compact massive galaxies at 0.2 < z < 0.6. We compare these abundances with similar systems in different redshift regimes and with theoretical predictions (Figure 7 ). We find:
• Compact galaxy number densities at intermediate redshift are lower than but formally consistent with the number densities of the most massive compact system at high-redshift.
• Furthermore, the predictions of semi-analytic models that trace the evolution of massive galaxies through minor mergers agree very well with the number densities of the most massive BOSS compacts with the formation redshift of z > 2.
A direct measurement (rather than a lower limit) of the number density of massive compact quiescent galaxies at intermediate redshift depends on a redshift survey of a complete photometric sample of compact galaxy candidates. It is important that the survey spans the full range of galaxy environments in the intermediate-redshift universe. Samples of this kind would enable studies of the detailed structure of the compact massive galaxies along with the possible dependence of these properties on the environment. It is very difficult to conduct these investigations at high redshift. Thus intermediate redshift compact galaxy candidates provide an important window on the nature of these systems and their evolution.
